Abstract: Amino-functionalized Fe 3 O 4 @SiO 2 nanoparticles (Fe 3 O 4 @SiO 2 -NH 2 NPs) were prepared by treating Fe 3 O 4 @ SiO 2 NPs with (3-aminopropyl)-triethoxysilane. They have been characterized by powder X-ray diffraction, vibrating sample magnetometer, scanning electronic microscopy, energy dispersive X-ray, thermogravimetric analysis and FT-IR spectroscopy. A neat, atom-economical, environmentally benign one-pot multicomponent synthetic route for the synthesis of furo[3,2-c]coumarins in good yields has been devised using the Fe 3 O 4 @SiO 2 -NH 2 NPs. The present methodology can be used for the design of libraries and diversity-oriented synthesis, and has potential for biological applications and drug discovery.
Introduction
Furocoumarins are attractive targets in organic and medicinal chemistry due to their potency and wide spectrum of biological activities including anticancer [1] , antibacterial [2] , antifungal [3] , immunotoxicity [4] , anticholinesterase [5] and anti-HIV [6] . The synthesis of bioactive heterocycles from readily available starting materials using one-pot multicomponent reactions (MCRs) has gained significant interest both from synthetic and medicinal chemists [7] [8] [9] . MCRs are particularly well suited for diversity-oriented synthesis (DOS), and lead to the connection of three or more starting materials in a single synthetic process with high atom economy and bond forming efficiency [10] . The possibility of accomplishing MCRs under mild conditions with a heterogeneous catalyst could improve their effectiveness from cost effectiveness and ecological points of view [11, 12] . A number of methods have been developed for the synthesis of furocoumarins in the presence of catalysts such as pyridine or a mixture of AcOH and AcONH 4 [13] , ionic liquid [BMIm]OH [14] , Pd(CF 3 COO) 2 [15] , CuBr 2 [16] , N-methylimidazolium [17] and Et 3 N [18] . Some of these methods have specific drawbacks, including long reaction times, use of toxic material, non-reusable catalyst and use of specific conditions. Nanoscale heterogeneous catalysts should present higher surface areas, which are chiefly responsible for their catalytic activity [19, 20] . Core/shell-kind nanoparticles (NPs) are a special type of nanomaterial, in which the core containing the desired functional NPs is covered with a nanometric shell such as silica or titania. Surface functionalization of core/shell NPs is a neat way to bridge the gap between heterogeneous and homogeneous catalysis. Therefore, the development of silica-coated magnetite NPs as important candidates in the search for supporting of catalysts is currently an issue of increasing interest in chemical reactions [21, 22] .
Herein we reported the use of amino-functionalized Fe 3 O 4 @SiO 2 NPs (Fe 3 O 4 @SiO 2 -NH 2 NPs) as an efficient catalyst for the preparation of trans-2-benzoyl-3-(aryl)-2H-furo[3,2-c]chromen-4(3H)-ones using an MCR of 2,4′-dibromoacetophenone, benzaldehydes and 4-hydroxy coumarin under a reflux condition in ethanol (Scheme 1).
Results and discussion
The amino-functionalized Fe 3 
, where θ is the Bragg angle of the maximum of the diffraction peak and β is the line broadening at half the maximum, while λ is the X-ray wavelength (1.54 Å for CuK α ). K is a dimensionless shape factor which usually takes a value of about 0. 2 NPs as the catalyst, the product could be obtained in good yield. Several reactions were scrutinized using various solvents such as EtOH, CH 3 CN, water and dimethylformamide (DMF). The best results were obtained under reflux conditions in ethanol, and it was found that the reaction gave satisfying results in the presence of Fe 3 O 4 @SiO 2 -NH 2 NPs at 0.02 g, which gave excellent yields of products (Table 1) (Table 1) . After completion of the reaction, the catalyst was separated by an external magnetic field. The Fe 3 O 4 @SiO 2 -NH 2 NPs were washed three to four times with hot ethanol and dried at room temperature for 5 h. The separated catalyst would be used for six cycles (Fig. 7) .
With these hopeful results in hand, we turned to investigate the scope of the reaction using various aromatic aldehydes as substrates under the optimized reaction conditions (Table 2 ). It was shown that aromatic aldehydes with electron-withdrawing groups reacted faster than those with electron-releasing groups. Meanwhile, it has been observed that better yields are obtained with substrates having electron-withdrawing groups.
A reasonable mechanism for the synthesis of furo[3,2-c]coumarins using Fe 3 O 4 @SiO 2 -NH 2 NPs is shown in Scheme 3. We suppose that the reaction begins with a Knoevenagel condensation between benzaldehyde and 4-hydroxycoumarin to form the intermediate I on the active sites of Fe 3 O 4 @SiO 2 -NH 2 NPs, which are chiefly responsible for the catalytic activity. Then, the Michael addition of pyridinium ylide with enones affords a zwitterionic intermediate and followed by cyclization affords the titled product. The final step is a classic intramolecular S N 2 substitution reaction. The stereochemistry of the S N 2 reaction required a nucleophilic enolate attack from the backside of the electrophilic carbon atom bearing the leaving pyridinium group. Thus, the trans-2,3-dihydrofuran is obtained as the only product [17] . In this proposed reaction mechanism pyridine plays a very important role. It acts as a nucleophilic tertiary amine to form a pyridinium cation and zwitterionic salt, as a base to catalyze the Knoevenagel condensation, and as a good leaving group to finish the intramolecular substitution reaction.
The observed stereoselective formation of trans-2-benzoyl-3-(aryl)-2H-furo[3,2-c]chromen-4(3H)-ones is in agreement with the lower heat of formation of the trans-isomer as estimated using parameterized model number 3 (PM3) calculations [14] . The prepared products were fully characterized by 
Conclusions
We have developed the synthesis of trans-2-benzoyl-3-(aryl)-2H-furo[3,2-c]chromen-4(3H)-ones catalyzed by Fe 3 O 4 @SiO 2 -NH 2 NPs as the catalyst. The advantages of this method are the use of an efficient catalyst, recoverability of the catalyst, little catalyst loading, low reaction times and easy separation of products. The present methodology can be used for the design of libraries and DOS, and has potential for biological applications and drug discovery.
Experimental section

Materials and apparatus
General
The materials were purchased from Sigma-Aldrich and Merck in high purity. All of the materials were used without further purification. The products were characterized by spectral data.
1 H NMR and 13 C NMR spectra were recorded on Bruker Avance-400 MHz spectrometers in the presence of CDCl 3 as solvents using tetramethylsilane as an internal standard. All melting points were determined in capillary tubes on a Boetius melting point microscope. FT-IR spectra were recorded on a WQF-510 spectrometer 550 Nicolet from KBr pellets in the range of 400-4000 cm −1 . Powder XRD was carried out on a Philips X'pert diffractometer with monochromatized CuK α radiation (λ = 1.5406 Å). The elemental analyses were obtained with an SAMX analyzer. Magnetic properties were measured by a VSM (PPMS-9T) at 300 K at Kashan University (Kashan, I.R. Iran). The SEM image was obtained on an MIRA3 TESCAN instrument. A TGAQ5 thermogravimetric analyzer was used to study the thermal properties of the compounds under an inert N 2 atmosphere at 20 mL min −1 and with a heating rate of 10°C min −1 .
General procedure for the synthesis of Fe 3 O 4 NPs
The Fe 3 O 4 NPs were synthesized by co-precipitation of FeCl 3 ·6H 2 O (11.68 g) and FeCl 2 ·4H 2 O (4.30 g) dissolved in 200 mL of deionized water. Then 15 mL of aqueous NH 3 (25%) was added to the solution dropwise under nitrogen gas and with vigorous stirring at 70-75°C. The magnetic NPs were separated from the solution by an external magnetic decantation and washed twice with deionized water.
General procedure for Fe 3 O 4 @SiO 2 NPs
One gram of magnetic NPs were dispersed in 200 mL of ethanol in an ultrasonic bath for 30 min at room temperature. Then 6 mL of aqueous NH 3 (25%) and 2 mL of TEOS were added to the solution. The resulting solution was stirred at 35-40°C for 24 h. The Fe 3 O 4 @SiO 2 NPs were separated from the solution by an external magnetic decantation, washed with ethanol (3 × 15 mL) and dried at room temperature. 
General procedure for amino-functionalized
General procedure for the synthesis of furo[3,2-c] coumarins
A mixture of pyridine (1 mmol) and 2,4′-dibromoacetophenone (1 mmol) was stirred for 1 min. Subsequently, an aromatic aldehyde (1 mmol), 4-hydroxycoumarin (1 mmol) and Fe 3 O 4 @SiO 2 -NH 2 (0.02 g) in 10 mL ethanol were added and the mixture was refluxed for about 30 min. After completion of the reaction, the catalyst was separated by an external magnetic field. The Fe 3 O 4 @SiO 2 -NH 2 NPs were washed three to four times with hot ethanol and dried at room temperature for 5 h. The separated catalyst can be used for six cycles. The solid obtained was recrystallized from ethanol to afford the pure furo[3,2-c]coumarins. -2-4′-bromo-benzoyl-3-(3-methylphenyl) -2-4′-bromo-benzoyl-3-(4-methylthiophenyl) -2-4′-bromo-benzoyl-3-(3-nitrophenyl) 
Physical and spectroscopic data 4.2.1 Trans-2-4′-bromo-benzoyl-3-phenyl-2H-furo[3,2-c] chromen-4(3H)-one (4a)
White
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Trans-2-4′-bromo-benzoyl-3-(4-bromophenyl)-2H-furo[3,2-c]chromen-4(3H)-one (4h)
Trans
